Abstract: This paper explores the linkages among public investment, growth and poverty in light of the existing theories, evidence and methods for 30 transition economies using the panel data for 1995-2010. Using Least Square Dummy Variable technique, we conclude that public investment is growth enhancing; furthermore, the impact is even higher if associated with foreign direct investment. However, public investment is still not strong enough to reduce poverty, poverty gap and inequality in income distribution. In case of the latter, it has rather worsening impact. But if public current expenditure is spent primarily on educational subsidies, this brings pro-poor growth impact.
INTRODUCTION
One of the most important contributions of the "new" growth theory is the insight into the role of fiscal policy in long-run growth. In his seminal contribution, Barro (1990) argues that when the private rate of return to capital is lower than its social rate, optimal allocation calls for further capital accumulation. A vast theoretical literature on endogenous growth underscores the importance of fiscal policy, in the form of public capital flow and stock for economic growth (e.g., Turnovsky, 2000; Agenor, 2008 ).
An understanding of the impact of public investment on growth is relevant for at least three reasons. First, it has been argued that tight budgets constrain public investment more than current spending because it is easier to cut the former than latter for political and other reasons (Roy, Heuty, and Letouze, 2006) . Since the late 1990s, this has led to calls to correct the bias against public investment, most importantly in infrastructure, and create "fiscal space" for funding such investment (Heller, 2005) . Underlying this premise is the belief that public investment is productive. Second, although a country's borrowing capacity depends primarily on its macroeconomic policies, ability to collect taxes, and strength of its public financial and debt management systems, the contribution of debt-financed public investment to growth and export also plays a role in external borrowing limits. Finally, fiscal policy has a countercyclical role to play in supporting growth and *Address of correspondence to this author at the Oxford Policy Management, 30/31 Jitjung Marg, Thapathali Height, Kathmandu, Nepal; Tel: 977-1-4247317; Fax: 977-1-4223149; E-mail: Sanjaya.Acharya@opml.co.uk JEL Classifications: H32; I32; P34; O43.
recovery, which has been recognized during the recent financial crisis.
In general, several channels exist through which public investment can affect growth (see Agénor, 2004) . First, crowding-out effects may occur if increases in public investment are financed through higher taxes (which may reduce the net rate of return on private investment, and therefore the incentive to invest) or by borrowing from domestic financial markets, thereby driving up domestic interest rates or leading to greater rationing in the quantity of credit allocated to the private sector. Second, public investment may enhance growth by improving the factor productivity, independently of its effect on factor accumulation (Acharya and Cohen, 2008) . Recently, the macroeconomic effect of public investment has renewed the interest of policymakers and development economists as evident from Commission on Growth and Development (2008) , Hall (2009) , Council of Economic Advisers (2010), Zandi (2011 ), Woodford (2011 ), and Congressional Budget Office (2012 . Moreover, the UN Millennium Project (2005) has also re-emphasised the need for a "big push" strategy in public investment to help poor countries break out of their poverty trap and meet the MDG challenge.
In line with the backdrop explained above, the objective of this study has three folds. It aims to explore the linkages between public investment, growth and poverty reduction in light of existing theories, evidence and methods. This is particularly important at present, as we are once again witnessing pressure for substantial increases in public investment as a tool to overcome the impact of recent world economic crisis in developing countries, especially with economies in transition in the context of slow progress in meeting Millennium Development Goals.
We will examine the relationship between the public investment and growth, between growth and poverty reduction, and the direct relationship between public investment and poverty reduction. Moreover, we also examine the role of private investment particularly that of foreign direct investment (FDI), on growth. Furthermore, the paper examines whether the growth in transition countries has contributed poverty reduction.
The remainder of the paper is organised as follows. Section 2 discusses the theoretical issues on public investment, growth, and poverty reduction. The scenario of transition is the subject matter of Section 3. The sources of data used have been explained in Section 4 followed by study findings and discussions in Section 5. Conclusion and implications are presented in Section 6. Barro (1990) theorised the linkage between public spending and economic growth by using an endogenous growth model; however, only flow of public expenditure has been taken into account in the model. Recognising this fact, Futagami et al. (1993) adopted Barro's model to reach the same conclusion in another polar case where public services are derived from public capital only. The extension of Barro's model went further when Tsoukis and Miller (2003) assumed the derivation of public services from both public capital and public expenditure flow and concluded that the growth-maximising ratio of public spending over GDP should be equal to the public service's elasticity in aggregate production.
THEORETICAL AND EMPIRICAL ISSUES
In this paper, we use the model developed by Tsoukis and Miller (2003) with simple modification. In addition to public capital expenditure, public current expenditure and tax rate, we also use technology as the determinant of economic growth. As discussed in the previous section, the effect of FDI on economic growth can be recognised via technology upgrade (Moosa, 2002; and EBRD, 2007) and industrialisation in developing countries (UNCTAD, 1999) .
Public--private capital complementarity is also crucial in analysing public investment impact on growth (Durham, 2004 and Cincera M. et al., 2007) . Aggregate production function for an economy is of the form:
where Y is aggregate output, K is private capital (human and/or physical), G is public capital, N is natural resources, L is the labour force, and A is the level of technology or total-factor productivity. Equation (4) can be approximated by a Cobb Douglas function of the form:
where y = Y/L is output per worker, k = K/L is private capital per worker, and g = G/L is public capital per worker, and the parameters α and β represent the elasticity of aggregate output with respect to private and public capital, respectively. Assuming also that the rate of private saving is unaffected by the return to private investment, the long-run or "steady-state" level of output per worker (y*) is then given by:
where s p is the share of private investment in national income, s g is the share of public investment in national income, δ k and δ g are the rates of depreciation of private and public capital respectively, and γ= 1−α−β, i.e. sum of output elasticities equals one.
Equations (1) to (3) could be extended to include several different types of public capital and investment, each with a potentially different effect on long-run output per worker and economic growth. Equation (6) could also be extended to a more general functional form. In this case, the impact of public investment on economic growth will be more varied and will depend at least on the followings:
• kind of public investment;
• amount of investment;
• initial stock of public capital; and
• economic context in which investment occurs.
In empirical front, several studies exist on the effects of public investment on economic growth, poverty and inequality, and composite effects on growth and poverty.
Effects of Public Investment on Economic Growth
One of the earliest studies that looked at the impact of public investment on economic growth was by Barro (1991) that found a positive but insignificant impact of public investment on economic growth over the period 1960-85. However, Canning and Fay (1993) and Easterly and Rebelo (1993) showed stronger evidence of a positive effect on economic growth from certain types of public investment. The former used panel data of transportation networks --measured as an aggregate of kilometres of paved roads and railway lines --and revealed an output elasticity of about 0.10 with relatively high implied rates of return for many developing countries. Easterly and Rebelo (1993) extended the analysis in two directions, firstly by including investment by public enterprises as well as that by central government, and secondly by distinguishing different public investments by sectors. In contrast with Barro (1991) , public investment by central government was found to have a positive and statistically significant effect on economic growth. Moreover, investment in transport and communications had a particularly large and statistically significant effect on economic growth. Devarajan et al. (1996) challenged this finding by signalling that capital expenditure, if goes in excess, has a negative and statistically significant effect on growth. Pritchett (2000) explains the "white elephant" hypothesis of Devarajan et al. (1996) and signals unproductive public investment in developing countries. However, according to Pritchett (2000) , higher public investment -particularly in infrastructure capital such as highways, water systems, sewers, and airports -is likely to bear a complementary relationship with private capital in the production technology that may raise the marginal productivity of capital and thereby "crowd in" private investment.
Under the balanced exogenous growth hypothesis, public spending in the long run does not affect economic growth (King et al., 1991) . According to endogenous-growth approach, output follows a stochastic trend; and permanent policy changes have long-term consequences for the growth of output whereas temporary policy changes have long-term consequences for the level of output. Aschauer (2000) and Milbourne et al. (2003) have tested the predictions of a neo-classical growth model in which public capital as a compliment to private capital, particularly in transport/communication and education, had the largest impacts on growth whereas the effects of investments in agriculture, health, housing and industry were not statistically significant. Likewise, Milbourne et al. (2003) also reinforce that when allowing for possible reverse causation, uncertainty about the size of their estimates increases substantially, especially those translating investment in different sectors to economic growth. In Similar front, using cross-country data for the period 1960-2000, Canning and Bennathan (2000) suggest that the marginal productivity of public capital -measured with electricity-generating capacity (kilowatts), and the length of paved roads -varies considerably across countries.
In spite of these results, two studies - Levine and Renelt (1992) and Sala-i-Martin (1997) --reported that no measure of public expenditure, including public investment, can be said to have a robust effect on economic growth. Part of the difficulty is that, in all likelihood, the efficiency of public investment -in other words, the impact of investment spending on the size and quality of the public capital stock -varies substantially across countries (Pritchett, 2000) . This obscures the underlying relationship between public capital and private sector productivity; therefore, some researchers have looked at the effect of direct measures of public capital and infrastructure on economic growth.
Effects of Public Capital on Productivity
In terms of the impact of public capital on productivity, Aschauer (1989) showed that public capital in the United States was indeed productive, and that much of the decline in private sector productivity in the country between 1970 and 1985 could be attributed to insufficient public investment and a decline in the public capital stock. A large number of papers followed the work of Aschauer (1989) . Gramlich (1994) provides a good empirical review. The quantity index of infrastructure constructed by Calderon and Serven (2004) shows a large, varying and statistically significant impact on GDP.
At the sectoral level, Binswanger et al. (1993) estimated the large and significant impact of irrigation and roads on agricultural productivity in India. Likewise, Mitra et al. (1998) found public infrastructure having a positive, large and statistically significant impact on productivity and technical efficiency (as measured by total factor productivity) in the Indian manufacturing sector.
Effects of Public Investment on Poverty and Inequality
Some recent studies have focussed on poverty. Gomanee et al. (2003) and Mosley et al. (2004) estimated a negative and statistically significant impact of the higher government expenditure on education, agriculture, and housing and amenities (water, sanitation and social security) on poverty, presumably by shifting the distribution of income in favour of the poor.
Some other cross-country/states analyses, for example, Fan et al. (1999) explored agricultural research and development (R&D), rural roads, rural education and targeted rural development expenditure all having negative and statistically significant effects on rural poverty in India. Among these, spending on agricultural R&D and rural roads has by far the largest impacts on both growth and poverty reduction.
1 Datt and Ravallion (2002) emphasised on development spending for the same. Fan et al. (2002) conducted a similar analysis across Chinese provinces. Spending on rural education had the largest impact on poverty, followed by agricultural R&D and rural roads.
Effects of Economic Growth on Poverty
The contribution of public investment to growth and poverty reduction has not always been as positive or as significant as one might expect. Despite the development of increasingly sophisticated methods for assessing the desirability of public expenditure during the 1960s and 1970s, large increases in public investment in many developing countries between 1974 and 1982 often yielded few returns (Easterly, 2001 ). Fedderke and Bogetic (2009) presented five reasons for the contradictory empirical findings: the presence of non-linearity; crowding out effect; endogeneity; an indirect or complementarity effect (rather than a direct productivity effect); and problems of aggregation.
THE SCENARIO OF TRANSITION
Breakdown of the Soviet Union had significant economic implications for former members of the Union. GDP declined with unprecedented scale during peacetime. The cumulative loss of output and incomes during 1991-2001 was equivalent to about three years of GDP of the former Soviet Union although the distribution of these losses among the affected countries and social groups was, of course, different.
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For each category of expenditure they calculate the marginal impact of public expenditure. This is obtained by multiplying the elasticity of poverty with respect to public expenditure by the ratio of poverty to government expenditure.
Due to the low level of development and slower institutional reforms in Central Asian countries, their transition to a market-based system over the past two decades has been much more difficult than in the European part of the CIS. Economic contraction and consequent negative impact on growth, poverty reduction and employment have become longer and greater in magnitude. During the first half of the 1990s, real GDP of Central Asian countries fell by more than 50 percent while poverty and inequality increased substantially.
In general, the liberalisation of capital account and particularly foreign direct investment (FDI) flows, with varying degrees of intensity, has little impact on employment.
In most Central and Eastern European as well as CIS countries, there have been three or more consecutive years of positive economic growth and the pre-1989 level of GDP has recently restored. However, social improvements have become much slower and more uneven due to the increasing inequality of income distribution and pervasive poverty. In some countries, living standards are rising and poverty levels are falling; however, in the poorer CIS countries, the reversal of the difficulties of the 1990s is still far away. Widespread poverty remains in areas outside the capital cities.
CIS and other countries such as Bulgaria and Romania inherited a relatively large human capital stock from the socialist regime due to the relatively large investments in health and the well-developed and comprehensive system of education. They also established research infrastructure that was more developed and sophisticated than those of market economies on similar development levels. After the regime change, the quality of state financed education deteriorated quickly and a large number of research institutes ceased to exist.
Most of the countries began transformation with extensive hidden unemployment and at least one-tenth of its population below the poverty level (based on a "social minimum" consumption basket). The growth of poverty has not been a consequence of the transition crisis, as it has been growing since the early 1980 due to external indebtedness and mismanagement.
The abundance of existing theories, evidence and methods on the poverty impact of public investment, however, clashes with the reality of policy-making processes in countries with transition, which are often characterised by limited technical capacity, unavailability of detailed and reliable data, heavy reliance on external assistance, and political interference which undermine a rational approach to assessing policy alternatives.
At the end of the 20th century the transition from socialism to capitalism was one of the most significant events in the world economy since industrialisation. Transition affected about 25% of the population of the world and changed the social and political landscape far beyond the countries immediately affected. 
Model Specification
The following equation is estimated using the LeastSquares Dummy Variable (LSDV) 2 regression model:
We have followed LSDV technique of regression because of two reasons. First, our objective is to observe whether the impacts are different in specific
where i = 1,2, …, N (number of countries) and t = 1995, 1996, … , 2010 , Growth is the five-year forward moving average of GDP growth rate for country i; Pubinv, Pubcur, Prinv, Fdi and Tax are all the respective ratios of annual public capital expenditures, public current expenditures, private domestic capital flow, FDI, and total tax revenue with GDP; Dm1 and Dm2 are the country dummy variables (8 transition countries that joined the EU, and 4 central Asian countries, respectively); Dm3 and Dm4 are period dummy variables (1995-1999 and 2000-2006, respectively) ; ε it is the error term.
The model is used to estimate equations with a fiveyear forward lag structure, i.e. explanatory variables in period t would have an effect on growth from period t+1 through t+5. There are three benefits associated with this approach. First, it implies that it takes time before the impacts of government expenditure and FDI on economic growth are recognised. Second, it reduces the possibility of reverse causality, i.e. government expenditures and FDI might change subject to the economic performance of a country, which is indicated by its economic growth rate. Finally, the fluctuation of short-term growth, which is a result of changes in public investment and FDI, is reduced (Devarajan et al., 1996) .
The following equation is expected to capture the overall effect of all the factors mentioned on poverty reduction:
where i = 1,2, …, N (number of countries) and t = 1995, 1996, … , 2010 ; Pindx is one of the poverty indices for country i in time t+1; Inf and Unpl are the inflation and unemployment rate at time t, respectively; Pubedu, Pubhth and Gsav are the ratios of public expenditures on education and health, and gross savings to GDP, respectively; ε it is the error term. Other variables follow from equation (4). Within this framework, we investigated the dynamics of public and private investment (including FDI) and their impacts on growth, poverty and distribution. 
Characteristics of Transition Economies
The average growth rate of these transition economies during 1995-2010 was around five per cent -the maximum rate was experienced by Azerbaijan (more than 10%) whereas the growth rate of Ukraine remained minimal (about 1.5%). Likewise, the rate of public capital formation (expressed as a percentage of GDP) varied widely -from less than 1.5 per cent in Armenia upto approximately 27 per cent in China (See Appendix Table A1 ).
High public current expenditure -as a legacy of socialist economy -still remained high (more than 15%) during transition. In South East Asian transition economies such as Vietnam and Lao this was less than seven per cent of GDP but in some East European countries such as Latvia, Czech Republic, Lithuania, Ukraine, Croatia, Hungary, and Slovak Republic, this was more than one-fifth of their GDP. Likewise the rate of inflation was also rampant in some countries -more than 100 per cent in Belarus and Turkmenistan, followed by Bulgaria and Tajikistan (in the range of 70%); and Azerbaijan, Ukraine, Uzbekistan (in the range of 40-60%). In an average, the rate of inflation was hovering around 27 per cent among transition economies during 1995-2010.
Unemployment rate was significantly high in Macedonia (34%) followed by Armenia (32%); however, in rest of the cases it was less than 16 per cent and average unemployment rate remained approximately 11 per cent. The unemployment rate was significantly lower in Asian transition economies (less than 4 percent) as compared to their European counterparts.
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The models proposed in this study have fully considered the possibility of endogeneity problem. All three possibilities of the existence of endogeneityomitted variable biasness, measurement errors, and simultaneity -have been taken into account. Although the possibility of endogeneity problem is relatively less in panel data than in purely time-series data, we have taken majority of the endogenous variables as their ratios with GDP to address the measurement error. Therefore, the measurement errors in the exogenous block of the variables have very limited possibility of creating endogeneity problem. Furthermore, our exogenous block of the variables does have a lot of policy variables to observe their impacts on the corresponding endogenous variable that signals the orientation of the paper towards developing logical policy prescriptions. The possibility of reverse causality was in case of first model (equation 4); this problem has been addressed by talking the five-year moving average growth rate of the GDP (the dependent variable). Devarajan et al. (1996) have also followed similar approach in addressing the endogeneity problem of this nature.
Private investment remained very significant in some transition economies -examples include Vietnam (31%) and Estonia (30%) -and less significant in some other countries such as Tajikistan (6%) and Cambodia (10%). In average, the private investment was approximately one-fifth of their GDP. However, FDI inflow was about 5.5 per cent of GDP. Azerbaijan and Hungary had relatively high FDI inflow -18.6 and 10.7 per cent of GDP, respectively --whereas other countries had relatively small FDI inflow.
In average, transition economies were collecting taxes approximately 15.6 per cent of their GDP; however, in some countries tax collection was relatively higher; those collecting more than one fifth of their GDP were Azerbaijan (28%), Croatia (23%), Hungary (22%), Slovenia (20%), and Uzbekistan (24%).
Appendix Table A2 presents pairwise correlation matrix of them to detect whether any multi-collinearity exists among the variables used in the model. Although perfect collinearity does not exist among variables used in the models, minor degree of collinearity might be present between some variables. For example, public current expenditure is collinear at some degree with public education expenditure and public health expenditure; therefore, we have not used these two variables along with public current expenditure. The public current expenditure shows mainly going to public health and education expenditure in the transition economies. Likewise, human development index does also reveal some degree of collinearity with public current expenditure and the literacy rate; therefore, these variables have not appeared together with human development index in the endogenous block of the variables in the same model.
FINDINGS AND DISCUSSIONS

Public Investment and Growth
The results of Ordinary Least Square (OLS) regression are shown in column 1; while columns 2 and 3 show the results of Least-Squares Dummy Variable (LSDV) regression with cross-countries and period dummy, respectively ( Table 1) . In Table 2 , columns 4-7 check the robustness of the estimation by introducing two additional variables: rate of inflation and unemployment rate.
Both public capital and public non-capital expenditures have significant impacts on GDP growth rate measured as five-year forward moving average.
An increase in public capital expenditure leads to higher economic growth rate while the effect caused by a higher public non-capital expenditure is reverse. A unit increase in this public current expenditure would in turn reduce a growth rate by approximately 0.22 percentage points. This effect is expected because public capital plays an important role in enhancing the productivity of private capital; an increase in public noncapital expenditure would create only a negative effect, as more tax is needed to finance this increase in noncapital expenditure (Barro, 1990) ; see also Gupta et al. (2002) .
The estimation also shows a positive and statistically significant relationship between the GDP growth rate measured as five-year forward moving average and the ratio of FDI to GDP. The coefficients of FDI range from 0.061 to 0.086 in different models. It is noted that the coefficient of public investment to GDP ratio is larger than the coefficient of FDI to GDP ratio. This effect is expected as mentioned above even if there is good investment climate the FDI inflow in the transition economy is rather slow.
While total tax ratio is found to be positively associated with GDP growth rate, private investment is found to have no significant contribution to the GDP growth rate; this has been over-shadowed by the strong need of public investment.
As expected, high rate of inflation is detrimental to GDP growth rate (Table 2, columns 4 and 5) but the association is insignificant. However, the rate of unemployment does not follow the expected relationship with the growth rate in transition economies (columns 6 and 7). Most likely this is due to the more capital intensive mode of production along with FDI inflow and consequent rise in unemployment but with relatively higher GDP growth performance.
Public Investment and Poverty Reduction
The welfare approach to poverty alleviation typically used by economists assumes that individuals know what is best for them and that monetary measure of consumption or income can serve as an indicator of well-being. Using this approach, poverty line is defined Absolute value of t statistics in parentheses. *significant at 10%; **significant at 5%; ***significant at 1%.
as a level of income, and all those under that line are considered poor. The welfare approach measures the standard of living with individual consumption, generally measured by using expenditure data, and wherever possible including consumption from own production as well. Where expenditure data are not available, income can be taken as the proxy for consumption.
Three measures of poverty are usually used:
• Poverty head count index (HCI), which measures the abundance of poverty;
• Poverty gap index (PGI), which measures the depth of poverty; and
• Foster-Greer-Thorbecke (FGT) index that measures the sternness of poverty.
When analysing poverty in developing countries, and countries with transition economies in particular, unfortunately the required data are often poor that these measures are difficult to calculate reliably. Therefore, in this paper we use only two of these indicators: Poverty head count ratio and Poverty gap at $2 a day on a purchasing power parity (PPP), as well as Human Development Index (HDI) and Gini coefficient (as inequality is also regarded as one facet of overall poverty scenario). Tables 3-6 present the results from estimation of various versions of equation 5 (Section 4.2). (ii) Albania, Armenia, Azerbaijan, Belarus, Cambodia, Croatia, Kyrgyz Republic, Lao DPR, Moldovia, Tajikistan, Turkeministan, and Uzbekistan do not have fuller data set on unemployment. Because of the missing data of these countries for several years, the number of observations drastically declined in model 6 and 7.
(iii) *significant at 10%; **significant at 5%; ***significant at 1%.
The Head Count Index (HCI).
The simplest measure of poverty, in principle, is the head count index, which measures the number of people with income below a poverty line and considers them equally poor. In our sample the HCI range from 0.02 per cent of population (Slovenia in 2002) to 83.65 per cent of population (Tajikistan in 1998). In practice, these data are often not available, or are not available in a format comparable across countries. However, based on the extent of availability, Table 3 presents the results of the model which examines the relationship between public investment and growth with HCI.
The impact of public investment and growth on poverty along with other explanatory variables are shown in Column 1 using LSDV regression. The significant dummy variables indicate that both periods of time have significant trends in poverty head count ratio over the years. A closer look on Columns 2-4 in Table 3 reveals some interesting facts. Public current expenditures (Column 2) shows strong impact on poverty reduction. It is because the current expenditures are associated with subsidies often targeted to poor population; therefore, possess important role in poverty reduction although it causes overall growth prospect of the economy decline ( Table 2) .
A major part of public current expenditures go on health and education related subsidies. Therefore, we have used two additional variables -public health expenditures and public education expenditures -in third model ( Table 3 , Column 3). Between them, the public education expenditures have been proved important in poverty reduction. As the economy has moved towards skilled economy, the growth accrued has also caused poverty reduction. Absolute value of t statistics in parentheses. *significant at 10%; **significant at 5%; ***significant at 1%.
The gross savings are also found to have been contributing to poverty reduction because of the rise in overall investment in the economy. Unemployment rate also rises in the economy possibly due to the private sector's orientation towards capital-intensive mode of production. However, the growth of unemployment is moving along with poverty reduction as a likely impact of higher factor productivity. Column 5 includes the interaction term between public capital expenditures and growth.
The interaction term being negative suggests that public investment and growth do jointly reduce poverty in transition economies. It means if public investment is growth enhancing, it possesses the strength of poverty reduction, otherwise not.
Among the group of transition countries in this study, Azerbaijan, Belarus, Cambodia, Chez Republic, Georgia, Kazakhstan, Poland, Slovenia, Turkmenistan, and Uzbekistan do not have data on public investment in health sector. Likewise, share of public investment in education sector is not available for 1995. Furthermore, for Albania, Armenia, Azerbaijan, Belarus, Bulgaria, Cambodia, China, Croatia, Czech Republic, Estonia, Georgia, and Hungary, public investment in education is not available for 2010. Therefore, once these two variables are included in the model and some others are removed, the number of observations drastically declines. This has caused the sharp decline in the number of observations in model 3 ( Table 2) . Similar is the case in Tables 4-6 as well.
Comparison of the results presented in Tables 2 and 3 reveals an adequate strength of public investment in raising the growth rate of the transition economy but still not enough to poverty reduction. Absolute value of t statistics in parentheses. *significant at 10%; **significant at 5%; ***significant at 1%.
The key weakness in this measure is that it only measures changes of income that cross the poverty line and ignores shifts below the poverty line. If a poor person becomes poorer, this is not reflected in the head count index.
2. The Poverty Gap Index alleviates some of the problem mentioned above by measuring the aggregate amount of poverty relative to the poverty line. The poverty gap represents the required transfer of income to the poor that would be necessary to bring the poor out of the poverty line. The poverty gap index is simply the average poverty gap across the entire population.
In case of PGI empirical results (Table 4 ) are quite similar to that of HCI. It is interesting to note that additional variables -public current expenditures, gross savings and expenditures on education -show negative significant coefficients. These results carry an important message that public current expenditures, more importantly, public education expenditures, is not only strong in reducing head count poverty index (Table 3 ) but also strong in reducing the poverty gap (Table 4) . Furthermore, gross savings is also supportive to reduce poverty gap. Similar to the impact on head count ratio, the interaction between public investment and growth reduces the poverty gap in both periods of transition (Table 4) .
3. The Human Development Index was developed and introduced as a new way of measuring development by combining indicators of life expectancy, educational attainment and income into a composite human development index, the HDI. This index sets a minimum and a maximum limits for each dimension, called goalposts, and then shows where each country stands in relation to these goalposts, expressed as a value between 0 and 1. The higher is the index, the better is the human development condition of the country. Absolute value of t statistics in parentheses. *significant at 10%; **significant at 5%; ***significant at 1%.
As expected, in all cases public investment is found to be positively contributing to the improvement of human development index. Moreover, the rate of inflation and unemployment do have negative impact on human development index.
In the first column of the LSDV regressions (Table  5) we can see the insignificant negative impact of growth rate on HDI. But this is due to the model specification biasness (one reason of endogeneity) because as new variables were introduced, this problem vanished and the relationship established (Columns 4 and 5). Public investment, inflation and unemployment show the expected impact. Public investment positively and significantly affects HDI. Columns 2-5 examine the robustness of the estimation by introducing additional variables: public current expenditures -public expenditures on education and health, and gross savings. All these variables show significant positive effect on HDI. Because of the colinearity problem of public investment with health and education expenditures, the former became insignificant in model 3.
The interaction term in model 5 suggests that public investment and growth support each other to speed-up improvement on human development in transition countries.
4. The Gini coefficient is often used as an indicator of the relative equality of income distribution in a given country. This coefficient measures how far a country's income distribution pattern is deviated from perfect equality. A coefficient of zero would indicate perfect 194358 0.192706 Absolute value of t statistics in parentheses. *significant at 10%; **significant at 5%; ***significant at 1%.
equality, while a coefficient of 1 would indicate perfect inequality.
Similar to that of non-supportive role of public investment to reduce poverty, poverty gap and to improve human development index, it is also not supporting inequality reduction to the transition economies so far ( Table 6 ). The first two regressions (Column 1 and 2) show even worsening inequality pattern due to public investment. But if there is growing public expenditures on education, then the public investment became supportive to inequality reduction (Column 3).
Regression on inequality, however, explores two important findings. First, rate of unemployment is very big obstacle in reducing inequality as Columns 1, 2, 4 and 5 show their strong positive association. Second, the interaction between growth and public investment alone is not sufficient to reduce inequality in transition economies although the interaction between them was very much important in reducing poverty head count rate, poverty gap and improving human development index (Tables 3, 4 and 5).
The resulted mentioned in Tables 1 to 6 required the test on stationarity to confirm whether the results suffer from the non-stationarity of residuals. Representative models from every tables have undergone with residual tests. Appendix 3 presents the residual plots of the models used.
SUMMARY, CONCLUSION AND IMPLICATIONS
Summary and Conclusion
Existing evidence on the poverty impact of public investment is hardly conclusive. The case for a rise in public investment needs to be assessed on a countryby-country basis, according to the structure of its economy and its initial physical public capital stock. Our results on poverty reduction are based on data currently available. We highlighted the limitations of these data series, both in terms of coverage/scope and accuracy. A fundamental direction for future research is to try to remove the obstacles. More work should be devoted to examine the limitations and inadequacies of the various time series data needed to study growth dynamics in the early transition years. For instance, recalculations or revaluations of the capital stocks are desirable and, in doing so, it is important to disentangle the roles of public and private investment. More reliable estimates of physical and human capital and labour contributions to growth will improve our understanding of the sources of this process and the relative roles of various crucial factors affecting growth, poverty reduction, and more equitable distribution.
In economic literature, strong argument exists for governments in developing countries to implement considerable public investment in raising the economic growth rate. In similar front, this study has examined the impact of public investment on economic growth and poverty reduction in major transition economies using the panel data for 1995-2010 --the major transition period. We have created two dummies (Dm1 and Dm2) to refer two specific groups of countries. One group (Dm1) consists of eight countries which joined the EU (Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Slovakia, Slovenia), and the other group (Dm2) of four Asian countries (Cambodia, China, Laos and Vietnam). When these dummies are not used in the model, the regression refers to the whole set of countries used in the database. Likewise, from the whole period 1995-2010 under study, we have created two dummies -Dm3 for 1995-2000 and Dm4 for 2000-2006 -because these two periods refer to different phases of intensive transition. In addition to Ordinary Least Square regression, we have also applied Least Square Dummy Variable (LSDV) regression analysis in this study.
Empirical evidence from transition countries in this study concludes that the link between public investment and economic growth is positive and significant. Since there is more evidence that public capital is productive, this study reinforces the argument that it is even more productive if associated with increasing FDI. Although public investment shows very strong impact on economic growth in transition economies, its impact is still not strong enough in reducing poverty and poverty gap. But, public investment shows strong contribution to the improvement of human development index. This is evident from the significant positive relationship of educational expenses (a major part of public capital) with human development index in our regression analysis. Furthermore, public investment in general does not reduce inequality significantly; however, the public investments in health and education sectors do possess immense potentiality in inequality reduction in transition economies.
Policy Implications
Based on the availability of the data and econometric tools applied, the analysis between public investment and poverty as well as human development and inequality has explored some interesting findings that deserve important policy implications.
Public investment in transition economies is still not strong enough to reduce poverty, poverty gap and inequality in income distribution. In case of the inequality in income distribution, it is rather worsening because the growth has become pro-rich. But if public current expenditure is spent primarily on educational subsidies, this has pro-poor impact. More educational expenditure of the government is not only conducive to reduce poverty, poverty gap and improvement in human development index, but also reducing the income inequality.
Pertinent to these interrelationships, this study recommends the orientation of public current expenditures more towards educational expenditures in transition economies to make it supportive to poverty and inequality reductions as well as improvement in human development index.
Another important policy implication that follows from this study in that public investment is supportive to poverty reduction only if the public investment is raising overall growth in the transition economies. It has two implications, public investment should be supportive to private investment to raise the overall growth or there should be proper selection of the public sector projects that have high growth potentials. Therefore, project appraisal is necessary to select high growth public sector projects; social cost-benefit approach is instrumental in this regard. 
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